LAMONT GEOLOGICAL OBSERVATORY OF 
COLUMBIA UNIVERSITY 


Palisades, New York 


SONIC PROPERTIES OF DEEP-SEA CORES 
FROM THE NORTH PACIFIC BASIN AND 
THEIR BEARING ON THE ACOUSTIC 


PROVINCES OF THE NORTH PACIFIC 


by 
D. R. Horn, B. M. Horn and M. N. Delach 


TECHNICAL REPORT NO. 10 
CU-l0-68 NAVSHIPS NO0024-67-C-II86 


December 1968 


‘ 


t 


SU mf 


LAMONT GEOLOGICAL OBSERVATORY OF 
COLUMBIA UNIVERSITY 


Palisades, New York 


SONIC PROPERTIES OF DEEP-SEA CORES FROM THE NORTH PACIFIC BASIN 


AND THEIR BEARING ON THE ACOUSTIC PROVINCES OF THE NORTH PACIFIC 


by 


Dee etorn mo. eM,ee torn and M. No Delach 


TECHNICAL REPORT NO, 10 


CU-10-68 NAVSHIPS N00024-67-C-1186 


December 1968 


Digitized by the Internet Archive 
in 2020 with funding trom 
Columbia University Libraries 


https://archive.org/details/sonicpropertiesoOOhorn 


Pave beA Gis 
This report has been compiled and written by deep-sea 
sedimentologists, not acousticians, It is an attempt to aid acousticians 
in their complex task of interpreting and predicting performance levels 
of bottom bounce sonar. Conclusions should be considered tentative. 
The investigation was undertaken because of the writers' confidence 
in the thesis that acoustic and sedimentary provinces of the ocean 


floor are strongly related. 
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There are two fundamental properties of the sea floor: roughness 
and bottom material. Both play critical roles in the performance of 
bottom bounce sonar because such systems employ the sea floor as an 
acoustic interface. An understanding of the properties of surface and 
near surface ocean sediments, which may either reflect or absorb sound, 
remains at an almost elementary level. The purpose of this report is to 
describe the materials comprising the floor of the North Pacific Ocean. 

In so doing, it is hoped that the data will serve system analysts in their 
tasks of interpreting and predicting performance levels of sonar equipment 
within this deepest and largest of ocean basins. 

During the past two years, sedimentologists at Lamont have 
amassed a large amount of data on the acoustical properties of deep-sea 
cores. This work was part of the Marine Geophysical Survey Project 
of the U.S. Naval Oceanographic Office. Knowledge gained from the 
investigations has made it possible to predict the sonic properties of 
sediment accumulating on the ocean floor. The U. S. Naval Ship Systems 
Command contracted Lamont Geological Observatory to apply this knowl- 


edge to cores from the North Pacific (Fig, 1). 
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Figure 1. Location of study area. Cores taken north of 20° N, latitude 
were analyzed. 


All sediment cores taken north of a line that passes east-west 
through Hawaii (20° N. latitude) have been described and analyzed. 
Included in the report are maps depicting submarine physiography of 
the North Pacific, regional distribution of sub-bottom reflecting horizons 
(turbidity current deposits and volcanic ash layers), and predicted sonic 
properties of the sea floor at Lamont coring sites. 

It is postulated that the distribution of surface and near surface 
reflecting horizons on the floor of the North Pacific (i.e. reflectivity of 
the ocean bottom) is directly related to the framework of deep-sea 
sedimentation within the North Pacific Basin. Research on the perform- 
ance of bottom bounce sonar will be greatly hampered if similar studies 


are not conducted in other parts of the world's oceans. 


METHODS 

General statement 

The cores were collected by scientists and crews aboard the 
research vessels VEMA and ROBERT D, CONRAD, A Ewing piston 
corer was employed to recover the cores. They are 2 1/2 inches 
(6.4 cm) in diameter and range in length from a few inches to 56 feet 
(17.1 m). The average length of the cores from the North Pacific is 
25 feet (7.6 m). A complete description of the coring procedure and 
methods of storage at Lamont has been given by Ericson and others 


(1961). 


The use of textural and bulk properties of cores as indicies to 
their acoustical character is discussed at length in the next section of the 
report. Sound velocity data on which these predictions are based were 
determined using a sediment velocimeter (Underwater Systems, Inc. - 
Model 201A). Bulk properties of cores were measured on samples taken 
from freshly extruded or split cores employing air comparison pycnom- 
eters (Beckman Instruments, Inc. - Model 930). Complete textural 
analyses of 1500 samples were carried out following the procedure of 


sieving and pipetting outlined by Folk (1961). 


Prediction of the acoustical properties of sedimentrcores 


Under the Marine Geophysical Survey Project of the U. S. Naval 
Oceanographic Office, Lamont personnel measured 50,000 sound speeds 
through ocean sediment cores. These velocities were then compared 
with bulk, textural and chemical properties of the cores (Horn, 1967; 
Horn and others, 1967a, 1967b, 1968a, 1968b, 1968c). The results 
supported the findings of other workers and confirmed that certain bulk 
and textural properties have a definite bearing on the speed at which sound 
travels through unconsolidated sediments (Hamilton and others, 1956; 
Sutton and others, 1957; Nafe and Drake, 1957, 1961, 1963; Shumway, 
1960a, 1960b; Schreiber, 1966, 1967a, 1967b, 1967c, 1967d, 1968a, 1968b). 

Although bulk properties (wet density, porosity, moisture content 


and void ratio) and mean grain size correlate well with sound speed, only 


mean grain size shows a consistent relationship (Fig. 2). Plots of 
velocity versus bulk properties exhibit considerable scatter. An example 
is shown in Figure 3 where sound velocity is plotted against wet density. 
Careful inspection of the samples revealed that correlation between sonic 
and bulk properties broke down when sediments exhibited 1) secondary 
compaction effects produced by loading, 2) post-depositional alteration 

of volcanic constituents that resulted in changes of primary properties and 
3) layers containing significant amounts of hollow particulate material 
(e.g. foraminiferal tests, pumice fragments). In Figure 4 such sediments 
have been deleted from the ploc and the correlation between wet density 
and sound velocity is greatly enhanced. 

Curves were fitted to plots of mean size versus velocity and wet 
density versus velocity (Figs. 2, 3, 4) using the method of least squares. 
The evidence indicates that these properties are interdependent and serve 
as indicies of each other. A series of statistical tests are being applied 
to the data and results will be presented ina later report. To date, when 
all data are grouped together regardless of sediment type, the absolute 
deviation from the least squares curve for mean size versus velocity is 
27.9 m/sec, whereas for wet density versus velocity itis 29.3 m/sec. 
Until further tests are completed, the data indicate that mean grain size 
is the best over-all index of the sonic properties of a sediment, 

Mean grain size was adopted as an index of the acoustical proper- 


ties of sediment cores from the North Pacific. Computer programs 
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Figure 2, Mean grain size versus velocity. Trend line on this and 
subsequent figures is least squares curve drawn to third 
power. 
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Plot includes 


1) normal sediment and 2) compacted, altered, and 


Wet density versus velocity, total data, 


Figure 3. 


Note that the latter have 


higher then normal velocities, 


hollow particulate materials. 
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Figure 4. Wet density versus velocity, cleaned data. There is 
a strong correlation between these properties when 
compacted, altered and hollow particulate materials 

are removed from plot. 


designed specifically to predict wet density and sound velocity of deep-sea 
sediments were executed, Appendix B provides a listing of the samples 
which were analyzed for texture and they serve as the basis for predicting 
sound velocity and wet density of sediments from the North Pacific. A 
table of sound velocities and wet densities with their equivalent mean grain 
sizes is presented in Appendix C. This information is plotted in Appendix 
D with the position and thickness of surface and near surface refl ecting 
horizons. The method of presenting the data is such that the reader can 
locdtera,cOreeciGsest tO his point of interestiin the North Pacific using the 
large maps (Figs. 6,7, 8); then refer to Appendix D for details of the sonic 
and other physical properties of the sea floor at the coring site. The 
acoustic data should be corrected for depth and temperature as outlined by 


Hamilton (1963). 


DISTRIBUTION OF SUB- BOTTOM REFLECTING HORIZONS 
INGroE NORTH PACIFIG 
Coincidence of sedimentary and acoustic provinces 
Sub-bottom reflecting horizons described in this report are layers 
of sediment at least 10 cm thick, coarse-grained, characterized by inter- 
mediate to high sediment sound velocities, and reflect sound. In the 
North Pacific only two types of sediment comply with this definition and 
have widespread distribution. They are volcanic ashes and turbidity 


current deposits, 
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Volcanic ash and turbidites occur within definite sedimentary 
provinces. Therefore, the reflectivity of the sea floor based upon bottom 
materials should prove to be a direct function of the distribution of these 
sediments in the North Pacific. Because ash and turbidites offer the only 
reliable reflecting horizons, the emphasis of this report has been placed 
on mapping their distribution and defining their acoustic properties 
(Figs. 5, 6,7, 8 and Appendix D). 

It is predicted that best performance of bottom bounce sonar will 
occur in areas of turbidity current activity (see Fig. 5). It is here 
that coarse-grained, closely spaced, high velocity layers occur; and 
reflectivity will be ata maximum. Areas of turbidite deposition are 
characteristically flat (i.e. abyssal plains), further enhancing sound 
reflection at the sea floor. 

Intermediate bottom reflectivity should be a trait of areas where 
volcanic ash horizons are present (Fig.5). The ash generally is in thin 
layers of silt and sandy silt with sound velocities of 1625-1650 m/sec or 
5331 - 5413 ft/sec. In the cores they are separated from one another by 
thick sections of uniform brown mud. Because these deposits are the 
products of aerial and subsequent submarine dispersal, they occur over 
wide areas of the sea floor. Their distribution is not restricted by sub- 
marine physiography. 

It is predicted that poorest performance of bottom bounce sonar 


will coincide with central areas of the North Pacific (Fig.5). For millions 


ioe 


*soi09 eos-daap 


UO peseq IIJlIIe\q YAON OY} FO IOOTF BY} FO AYTATPIOTJOY °S aInsBt iT 
o0ZIl oO! 0091 008! 009! 
x ° o ore 
(S3LIGIGUN1-SYOL0N37434 WOLLOS-8NS 31d/L1NW) < te eee 
ALIAILOS1435yY 31V103 NUN se ie 
Px) OO ae sag 
(1v907 GNV 3YvyY ANZA $YOL03743Y WOLLO8-8Ns) / 
/ 
§S $ 0 1 Wir Orel sil Ord H 9 | H y 
re) 
2 (HSV- -§u01931434 “Wous 
coal A Vel 0) ao) 3e34 


SSS 


12 


of years these have been and still are sites of clay deposition. 

Bottom loss will be either very high or erratic and unpredictable. The 
former is due to thick sections of clay, whereas the latter results from 
patchy distribution of manganese nodules at the surface or coarse 


detritus produced by local submarine volcanism, 


Northeast Pacific - Gulf of Alaska 


Core data at Lamont indicate that latest turbidity current 
activity in the northeast Pacific is confined to the Alaskan Plain immedi - 
ately adjacent to the continental terrace, the eastern and southern Tufts 
Plain, and are the prevalent sediment of the Cascadia Plain. No cores 
are available from the western half of the Tufts Plain or from much of 
the Alaskan Plain. Off the west coast of North America at 40° N. 
latitude turbidites extend at least 165 miles seaward; at 45° N. they 
have their maximum extension into the North Pacific Basin and occur 
in cores 1100 miles from shore; and at 50° N. they are present in cores 
taken 570 miles west of Vancouver Island (Figs. 5,8). Areas of the 
northeast Pacific that have received turbidites during the Pleistocene 
should be marked by good reflection of sound at the sea floor. 

The northeast corner of the Pacific Ocean includes numerous 
seamounts and abyssal hills. Both are features of positive relief, yet 
they have different sediment covering them. The summits of the sea- 


mounts are sites of either extremely coarse sand and gravel or have no 


sediment cover and rock crops out at the surface, This is true of all 
coring sites at depths of less than 885 fathoms. Where coarse deposits 
occur, they are either products of in place weathering of volcanic rock 
constituting the seamount or they are lag deposits. The latter are common 
at the summits of seamounts. They are attributed to winnowing over long 
periods of time of fine sediment fractions with gradual concentration of 
sand and gravel. 

Local bottom sediment transfer of silt-size material occurs 
on the flanks of seamounts. This results ina zone of silt around the 
base of these features. Core data suggest that the summits of the higher 
seamounts are characterized by highly reflective materials. In addition, 
their lower slopes receive relatively coarse sediment through local 
processes of submarine weathering of the seamounts themselves. There- 
fore, bottom reflectivity should be quite good at the bases of submarine 
mountains, 

Crestal portions of the Ridge and Trough Province off 
Washington and Oregon are covered by pelagic clay interlayered with 
biogenic chalk. These hills are generally above the compensation level 
for CaCOz and lie above the upper level of turdibity current activity. 
Sediments covering the Ridge and Trough Province are clay and chalk 
throughout, These abyssal hills are the sites of pure pelagic sedi- 
mentation of fine-grained materials and bottom reflectivity presumably 


will be low. 
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Abyssal hills of the Gulf of Alaska, although similar in aspect 
to the hills to the east, lie within the fallout zone of ash released by 
volcanoes on the Aleutian Islands and the Alaskan Peninsula. The 
presence of ash horizons in sediments covering the hills may result in 
better system performance in this area than experienced over the Ridge 
and Trough Province. 

In summary, much of the northeast Pacific is a site of 
turbidite deposition. Floors of the Alaskan, Tufts and Cascadia Abyssal 
Plains should be marked by good performance of bottom bounce sonar. 
The combination of multiple, closely spaced, sub-bottom reflecting 
horizons and lack of relief provide ideal conditions for efficient 
system performance. Submarine topographic highs within this turbidite 
province may either provide poor or intermediate system operation. 
Summits of the highest seamounts possess highly reflective materials 
but ruggedness of relief may result in poor performance. The Ridge and 
Trough Province should be an area of poor performance, whereas the 
central abyssal hills of the Gulf of Alaska are likely to provide inter- 


mediate levels of operation. 


Aleutian Trench and Abyssal Plain 


Cores from the floor of the Aleutian Trench and the bases of 
its walls contain tirbidites. In fact, all cores from these parts of the 


trenches penetrate turbidite sequences (Fig. 8). The steep insular walls 
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of the trenches are free of graded units and it appears that these are 
areas of sediment bypass rather than deposition, 

A common feature of the rugged landward walls of dea-sea 
trenches is a submarine terrace, Such benches occur at various levels 
on the steep trench slopes. A large submarine terrace or bench is 
present on the north wall of the Aleutian Trench (Figs. 6,7,8). Cores 
from this terrace contain turbidite sequences similar to those encountered 
on the floor of the trench. 

Reflectivity of the Aleutian Trench and associated submarine 
benches should be good. Both contain multiple sub-bottom reflectors and 
they have level floors. Steep portions of the north wall do not have 
a cover of coarse sediment. Turbidites bypass this part of the trench, 
slopes are relatively great, and a combination of these factors critical 
to sonar performance should result in poor functioning of equipment. 

No turbidites occur in cores taken from the Aleutian Abyssal 
Plain. This feature is a good example of why abyssal plains cannot be 
equated with good reflectivity. The Aleutian Plain is a product of an 
ancient sedimentary regime and turbidites that leveled the sea bottom 
south of the Trench are now covered by a thick section of pelagic mud. 
Hamilton (1967) reports that 96 meters of pelagic sediment overlie 
turbidites at the center of the Plain. 

The reflectivity of the Aleutian Abyssal Plain presumably 


is intermediate, not because turbidites occur deep below the surface, 
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but rather because ash horizons cover all but the southernmost part of the 
Plain. Ash derived from the Aleutian Islands has been transported great 
distances in a southerly direction into the North Pacific (Fig. 7). It occurs 
as distinct layers as far south as 680 miles from the Fox Islands, 440 miles 
south of the Andreanof Islands, and 540 miles seaward of Rat Island. More 
important to acousticians is the ash which is in layers thick enough to 
reflect sound. Sub-bottom reflectors consisting of ash extend across much 
of the Aleutian Abyssal Plain. They occur in cores 690 miles south of 
Unimak Island immediately west of the Alaskan Peninsula (Figs.5, 6). 

Ash reflectors extend 400 miles south of the central islands of the Aleutian 
Island arc. These relatively coarse sediments result in a belt at the 
northern limits of the North Pacific Basin which should be characterized 
by intermediate performance levels. Reflectivity may increase over the 


floor of the Aleutian Abyssal Plain where the sea bed is flat. 


Japan - Kamchatka 


The situation seaward of Japan, the Kurils, and Kamchatka 
is much the same as that described for the sea floor south of the Aleutian 
Islands (Fig. 5). Deep trenches lie immediately oceanward of land areas, 
but abyssal plains are absent. Sedimentation beyond the trenches is 
predominantly pelagic and has occasionally been interrupted by rapid 
accumulation of volcanic ash, 

Turbidites cover submarine terraces on the insular walls 


of the trenches and are the principal sediment along axes of trenches. 


iy 


Sound reflection should be good in these areas, but should drop off over 
the steep walls of these submarine deeps. 

Seaward of the trenches, sub-bottom reflecting horizons are 
predominantly the product of volcanism. Ash derived from vents located 
along the Asiatic coast constitute the reflectors. Very distinctive layers 
of white ash occur within a broad zone due east of Japan, the Kurils, and 
the Kamchatka Peninsula (Fig.7). These beds are in cores as much as 
780 miles southeast of Kamchatka and extend as far as 1100 miles due east 
of the northern end of Honshu Island, Japan. 

All ash horizons are not thick enough to serve as reflectors 
of sound. However, within a zone 600 miles wide that follows the northwest 
edge of the North Pacific Ocean (Fig. 6), these silts and sandy silts 
represent very reliable reflectors. They are consistently present in the 
cores taken within this region. 

Reflectivity of the sea bed within the ash zone should be 
intermediate. The reflecting horizons are more widely separated in the 
sediment column than is true of the turbidites in the North Pacific. In 
addition, there are no abyssal plains here and relief is often rugged. Yet 
confidence that the layers are there, along with the knowledge that they 


reflect sound, suggest performance levels should be at least intermediate. 


Hawaii - Midway Island Chain 


Submarine slides and turbidity currents are active in the 
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vicinity of the Hawaiian Ridge (Hamilton, 1956; Moore, 1964; Schreiber, 
1968a; and others), The few cores available from the archipelagic apron 
surrounding the islands contain turbidites. The latter occur within a 
narrow zone encircling the islands and extend seaward at least 80 to 140 
miles from the nearest island (Fig. 8). Reflectivity should be intermediate 
over the Hawaiian Deep and other areas of turbidite fill (Figs. 5, 6). 
Presumably this will hold true for areas of the North Pacific adjacent to 
major seamounts and seamount chains (e.g. Emperor Seamount Chain). 
Performance of systems may deteriorate toward the islands as the slopes 


of the sea floor increase. 


Central North Pacific 

Except for the sea floor near the Hawaiian Islands, the 
great central area of the North Pacific Ocean has been the site of continuous 
and uniform clay deposition for millions of years. Thick sections of sound 
absorbing, very fine-grained sediment blanket the ocean bottom (Figs.7, 8). 
Reflectivity here should be minimal (Fig. 5). 

The central North Pacific does contain occasional reflecting 
horizons which are concentrations of manganese nodules, basaltic gravel, 
and thin partially indurated clays that are alteration products of volcanic 
detritus. The latter two occur within the Baja California Seamount Province 
and appear to result from local volcanism on the sea floor. The distribution 
of manganese nodules and volcanic debris is erratic and may hamper the 


prediction of system performance in the central North Pacific. 
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Acoustic provinces of the world's oceans are strongly related to sub- 
marine physiography and bottom materials. An understanding of 
bottom roughness by itself does not provide the complete answer to 
problems of system performance, For example, parts of the Alaskan 
and Tufts Plains, and the entire Cascadia Plain are smooth and covered 
by highly reflective materials. However, the neighboring Aleutian 
Abyssal Plain offers an equally smooth surface yet may show lower 
levels of performance. This can be explained by both an absence of 
turbidit.es near the surface and the fineness of texture of pelagic sedi- 
ments that cover the Plain. In addition, higher seamounts of the Gulf of 
Alaska have summits of bare rock or highly reflective lag gravels and 
sands, Yet seamounts of less relief are characterized by thick sections 
of pelagic clay and chalk. System performance over these features will 
be greatly dependent on the type of sediment that covers them. 

Studies of over-all reflectivity of the world's oceans should 
follow a double-barreled approach: Bottom roughness surveys in con- 
junction with mapping of sediment distribution in the oceans offer the 
best means of evaluating sound reflection an/or absorption by the sea 
floor. The main conclusion of this investigation is that without maps 
showing surface and near surface sediment distribution on the ocean floors 
acousticians will have difficulty interpreting and predicting reflectivity 


of the sea bottom. 
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Within the North Pacific Basin the following conclusions have 


been arrived at_solely on the basis of materials contained in sediment 


cores: 


Highest reflectivity should occur in the northeast corner of 
the Pacific. Much of the Gulf of Alaska, and the abyssal sea 
floor off British Columbia, Washington, Oregon and northern 
California is covered with multiple sub-bottom reflectors 
(turbidites). 

Bottom reflectivity will be good along axial portions of the 
circum-Pacific trench system and over benches on the 

insular walls of the trenches. Steep walls of these deeps are 
areas of sediment bypass which may result in their being sites 
of poor performance, 

Seaward of Japan, the Kurils, Kamchatka Peninsula and the 
Aleutian Islands is a broad zone of intermediate reflectivity. 
Here volcanic ash horizons constitute the only sub-bottom 
reflectors. In addition, intervening hemipelagic sediments 
which are also slightly coarser may enhance sound reflection. 
A zone of turbidites surrounds the Hawaii-Midway Island 
Chain. Reflectivity should be at least intermediate over these 
areas of turbidite fill. 

The central North Pacific should be characterized by either 


high bottom loss or erratic performance of systems. 
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APPENDIX 6B 


GRAIN SIZE DATA USED TO PREDICT SOUND VELOCITIES AND 


WET DENSITIES OF SEDIMENT LAYERS 
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APPENDIX D 


CORES TAKEN BY R/V ROBERT D. CONRAD AND R/V VEMA 


Core lithology. reflectors. predicted sound velocity 
predicted wet density and mean grain size of 
sediment layers. 


Legend 


The uniformity of texture shown by various types of deep-sea deposits makes 
it possible to predict sonic properties of layers without actual measurement, 
For this reason the predicted wet density and velocity profiles of the cores 
are far more complete and detailed than those of actual laboratory measure- 
ments given under the mean size column. For example, all ash horizons 

off Japan have similar textures. Therefore, three or four samples of say 
ten ash layers ina given core will provide sufficient data to draw velocity 
and wet density profiles of all ashes in the core. 


Lithology column 
symbols: 


Reflectors column: 


Predicted velocity 
column: 


Wet density column: 


Mean grain size 
column: 


Clay Gravel 


Mud Graded Unit 


@ 
rc) 


Ice-rafted pebbles 
nm—~  Uncomformity 


Silt @ Manganese nodules 


Solid bars in columns represent position and 
thickness of sub-bottom reflecting horizons. 
A qualitative breakdown of the horizons as 
good, intermediate, poor and questionable is 
given based on thickness and texture of the 
horizons, 


Solid line on velocity profile of core represents 
predictions from table in Appendix C and are 
based on analytical measurement of mean grain 
size of sediment layer. 


Dashed line on velocity profile of core represents 
sound velocity predicted from mean grain sizes 
estimated from similar sediment layers within core. 


Dashed line used throughout because wet densities 
are predictions based on measured mean grain 
sizes of sediments. Wet densities are from 
Appendix C, 


Solid line connects points where actual determina- 
tions of grain size were made in the laboratory. 
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